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The g y r o s c o p i c  e f f e c t s  due to  t h e  i n t e r a c t i o n  of  t h e  r o t a t i n g  mass of  t h e  e n g i n e s  
and t h e  v e h i c l e  dynamics can be d e r i v e d  from t h e  e q u a t i o n  f o r  t h e  ra te  of change o f  
a n g u l a r  momentum, 

where T 

change of t h e  a n g u l a r  momentum of t h e  i t h  engine,  Iei t h e  i n e r t i a  t e n s o r  f o r  t h e  i t h  

e n g i n e ,  W e i  t h e  r o t a t i o n a l  v e l o c i t y  o f  t h e  i t h  e n g i n e ,  and w t h e  t o t a l  r o t a t i o n a l  

v e l o c i t y  of t h e  v e h i c l e  g i v e n  by 

i s  t h e  g y r o s c o p i c  moment produced by t h e  i t h  e n g i n e ,  hei t h e  rate of  gi 

I f  it i s  assumed t h a t  t h e  a n g u l a r  momentum of t h e  e n g i n e  is  c o n s t a n t ,  t h e n  

and t h e  e q u a t i o n  s i m p l i f i e s  t o  

T = W X I e i W e i  (Ji 

Two terms, Iei and W e . ,  remain to  be def ined  i n  t h e  e q u a t i o n  f o r  t h e  g y r o s c o p i c  
1 

moment produced by t h e  i t h  engine .  Once aga in ,  s i m p l i f i n g  assumptions are made. I t  
i s  assumed t h a t  t h e  i n e r t i a  t e n s o r  of t h e  engine c o n t a i n s  a s i n g l e  nonzero e n t r y ,  

where I, is  t h e  i n e r t i a  t e n s o r  of t h e  i t h  engine  a t  t h e  l o c a t i o n  of t h e  i t h  e n g i n e ,  

o r i e n t e d  w i t h  t h e  local  x a x i s  c o i n c i d e n t  with t h e  r o t a t i o n a l  v e l o c i t y  of t h e  engine .  
The r o t a t i o n a l  v e l o c i t y  of  t h e  engine  h a s  components i n  t h e  x ,  y ,  and z body a x e s  
( P e i ,  qei, and re. ,  r e s p e c t i v e l y )  so t h a t  

ei 

1 

where 

pei = I W e i  I C ~ S  ~i COS S i  
I qei = 1 uei 1 cos &i sin si 

rei = - I uei I s i n  E i  

w i t h  I 0,. I b e i n g  t h e  t o t a l  a n g u l a r  v e l o c i t y  of t h e  i t h  engine .  
1 
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O b s e r v a t i o n  variable U n i t s  Symbol A l p h a n u m e r i c  descriptor 

A i r  data parameters ( c o n t i n u e d )  
- - 

Mach number ( D i m e n s i o n -  
l e s s )  

D y n a m i c  pressure 

Impact pressure 

A m b i e n t  pressure 

Impac t /ambient  
pressure r a t i o  

Tota l  pressure 

Temperature 

Tota l  temperature 

Equiva len t  a i r  speed 

Calibrated airspeed 

force/ 
l eng  th2  

force/ 
length2  

force/ 
l eng th2  

( D i m e n s i o n -  
l e s s )  

force/ 
l eng th2  

K 

K 

kno t s  

k n o t s  

M 
MACH 
AMCH 

QBAR 
DYNAMIC PRESSURE 

Qc 
IMPACT PRESSURE 
D I F F E R E N T I A L  PRESSURE 

P A  
S T A T I C  PRESSURE 
F R E E S  TREAM PRESSURE 

PT 
TOTAL PRESSURE 

TEMP 
TEMPERATURE 
FREESTREAM TEMPERATURE 

TOTAL TEMPERATURE 

VEAS 
EQUIVALENT A I R S P E E D  
KEAS 

VCAS 
CALIBRATED A I R S P E E D  
KCAS 

F 1 ightpa  th- re l a  ted p a r a m e t e r s  

F l igh tpa th  ang le  rad Y GAM 
GAMMA 
F L I G H T  PATH ANGLE 
G L I D E  PATH ANGLE 
G L I D E  SLOPE 

F1 i gh  tpa t h  g f Pa F P A  
acceleration F L I G H T  PATH ACCEL 
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